Genome-wide identification and evaluation of novel internal control genes for Q-PCR based transcript normalization in wheat.
To accurately quantify gene expression using quantitative PCR amplification, it is vital that one or more ideal internal control genes are used to normalize the samples to be compared. Ideally, the expression level of those internal control genes should vary as little as possible between tissues, developmental stages and environmental conditions. In this study, 32 candidate genes for internal control were obtained from the analysis of nine independent experiments which included 333 Affymetrix GeneChip Wheat Genome arrays. Expression levels of the selected genes were then evaluated by quantitative real-time PCR with cDNA samples from different tissues, stages of development and environmental conditions. Finally, fifteen novel internal control genes were selected and their respective expression profiles were compared using NormFinder, geNorm, Pearson correlation coefficients and the twofold-change method. The novel internal control genes from this study were compared with thirteen traditional ones for their expression stability. It was observed that seven of the novel internal control genes were better than the traditional ones in expression stability under all the tested cDNA samples. Among the traditional internal control genes, the elongation factor 1-alpha exhibited strong expression stability, whereas the 18S rRNA, Alpha-tubulin, Actin and GAPDH genes had very poor expression stability in the range of wheat samples tested. Therefore, the use of the novel internal control genes for normalization should improve the accuracy and validity of gene expression analysis.